In the Malta Reservoir a total of 16 fish species belonging to six families were recorded in 2008. In the Nordic multi-mesh gillnets 4528 fish belonging to 11 species, with the total weight of 149.5 kg, were caught. The total beach seine catch was 34348.9 kg, which in terms of the reservoir area of 64 ha amounted to biomass density 536.7 kg·ha -1 . Of 11 species caught with the beach seine roach (Rutilus rutilus) was the most abundant species (485031 fish, 7578 individuals·ha -1 ) with the highest share in biomass (24283.4 kg, 70.7%). The average electric catch at two sampling sites in the Cybina River running in the reservoir bowl was 105 kg (which gave estimate of 2.6 ton in all), with a marked dominance of the roach, which constituted 65.4% of fish catch in weight and 93% in numbers. Taking under consideration the results of electrofishing the estimated fish density in the Malta Reservoir in 2008 could reach as much as 577.7 kg·ha -1 . The proportion of predatory fish in the fish assemblage biomass was 20.1%.
INTRODUCTION
The Malta Reservoir is an unique retention reservoir on the European scale, since due to its primary function (an international water sports centre), starting from 1992 it has been completely drained at 4-year intervals. Drainage, together with the related fish catching, is the most reliable method to estimate fish biomass and to determine fish species occurring in a given reservoir (WAJDOWICZ, 1971 ; SYCH, 1997) .
The possibility to directly estimate fish biomass in reservoirs, at their drainage, is exceptional. Most frequently indirect methods are applied, such as catching DOI: 10.2478/v10025-011-0006-4 the tagged part of the population (EPLER and BIENIARZ, 1977; PIVNIČKA and ŠVA-TORÁ, 1988), calculation of catch per unit effort of towed fishing gear (beach seine) (JELONEK and AMIROWICZ, 1987a; KUBEČKA and BOHM, 1991), analysis of catch per unit effort (WIŚNIEWOLSKI, 2002) or by estimating fish biomass on the basis of exploited fish species catches with known biological and exploitation parameters (SZLAKOWSKI and WIŚNIEWOLSKI, 2001) . Occasionally data on the fish biomass in a reservoir are supplied by ecological disasters, such as fish mass mortality due to oxygen depletion in the Włocławek Reservoir in 1986 (SYCH, 1997; WIŚNIEWOLSKI, 2000) . Frequently such results need to be treated as rough approximations, but in view of no other feasible option or a lack of profitability for other methods which might be applied, they remain the only available ones.
Hydroacoustic methods, being intensively developed, seem promising tools in the estimation of fish biomass, including that in shallow reservoirs (GODLEWSKA et al., 2009; KUBEČKA et al., 2009) .
The species/size structure of fish living in reservoirs is affected by many factors, primarily by environmental factors of both the reservoir itself and the supplying watercourse, as well as anthropogenic factors and the adopted fishery-angling management. Conditions affecting fisheries and angling management in reservoirs were presented by WIŚNIEWOLSKI (2002; 2009) .
The aim of this paper is to describe pattern of changes of fish assemblage and its biomass in the periodically drained Malta Reservoir between 1966-2008.
MATERIALS AND METHOD
The Malta Reservoir (52°24′N, 16°58′E), located in the central part of Poznań, Poland, was created in 1952 by damming the waters of the Cybina River at km 0+492. The area of the reservoir is 64 ha, volume 2·10 6 m 3 , mean depth 2.8 m, while maximum depth is 5.5 m. The average retention time is 34 days, at the mean flow of the Cybina River of 0.67 m 3 ·s -1 . The Cybina River bed remaining in the reservoir is 2.5 km long, 1.6 m deep and 5 m wide.
For the purpose of preliminary determination of fish species composition and size structure, the Nordic multi-mesh bottom gillnets (8 pcs.) which are the European standard in experimental catches (CEN, 2005) , were applied. Bottom Nordic gillnet consists of 12 panels with mesh sizes from 5 to 55 mm, 2.5 m in length each and high 1.5 m. Experimental catches in the Malta Reservoir were conducted in September and October 2008. Multi-mesh gillnets were set for approx. 10 h, between 7:30 and 9:30 p.m. and lifted the following morning between 6:30 and 7:30 a.m. The catch was sorted to species, weighted and total length of each individual fish was measured to the millimeter below.
Analyses of fish species composition and estimation of fish biomass were conducted in October and November 2008 during the Malta Reservoir drainage.
Fish were caught by a fishery team using a beach seine with a wing length of 150 m, mesh size 25 mm in the wing and 12 mm in the cod end. In order to reduce the number of fish flowing out of the reservoir a barrier net was set at its discharge. Water discharge rate was dependent on atmospheric conditions and on the progress of works connected with fish capture. From beach seine catches 15 samples were collected at random, with a total weight of 624 kg, which were used to determine species composition and the mean weight of a given species (for fish over 10 cm in total length) and subsequent calculation of fish abundance and proportions of individual species in catches.
After completion of fish catches and complete drainage of the reservoir, in the Cybina River bed running in the reservoir bowl, electric fishing was performed at two sites of 100 m in length each. As previously, fish were identified to species, counted and weighted.
RESULTS
A total of 16 fish species belonging to six families: Acipenseridae, Anguillidae, Cyprinidae, Siluridae, Esocidae and Percidae were identified in the Malta Reservoir in 2008 catches. Gudgeon (Gobio gobio) was recorded only during electrofishing.
A total of 4528 fish of 11 species, with the total weight of 149.5 kg, were caught in the Nordic multi-mesh gillnets (Tab. 1). The proportion of roach (Rutilus rutilus), a species dominating in the catches, was 64.5% in numbers and 38.8% in catch weight. Contribution of the next two species, perch (Perca fluviatilis) and ruffe (Gymnocephalus cernuus), amounted to 16.8 and 11.5% in numbers and 25.8 and 4.5% in catch weight, respectively. Thanks to the high unit weight, the proportion of predatory species, pikeperch (Sander lucioperca) and pike (Esox lucius), was 27.4% in catch weight, but only 0.7% in numbers.
The total catch in weight with the beach seine was 34 348.9 kg, what at the reservoir area of 64 ha, gave the biomass density 536.7 kg·ha -1 (Tab. 2). Roach was the most abundant species in numbers 485 031 fish (75.5%) or 7 578 individuals·ha -1 and 24 283.4 kg (70.7%) in catch weight. Perch contribution, the second most abundant species, was 3 062.5 kg (8.9%) and 1 590 individuals·ha -1 . Predatory fish, i.e. pikeperch, wels (Silurus glanis) and pike, accounted for only 11.1% of the total catch weight. Together with perch, the proportion of predatory fish in the catch weight was 20%. While smaller perch, with the total length below 15 cm, is rather omnivorous than definite predator, larger specimens preyed intensively on small roach, including those gilled in the small meshes of the Nordic multi-mesh gillnets. Both in the experimental and commercial catches, the proportion of bream (Abramis brama), constituting usually together with roach most of the fish assemblage biomass, did not exceed 5.7% in numbers and 6.4% in catch weight.
An average electric catch at two sites in the Cybina River was 105 kg. Roach predominated in the catches, accounting for 93% in numbers and 65.4% in catch weight. The share of perch and pikeperch were 3% and 0.6% in numbers, and 4.7% and 27.8% in catch weight, respectively. It can be estimated that after complete drainage of the reservoir in the old river bed there still remained at least 2.6 ton of fish. Thus, the biomass density in the Malta Reservoir in 2008 could reach 577.7 kg·ha -1 .
Multi-modal distributions of length of roach, bream and perch indicate that populations of these species are composed of at least several age groups, including specimens aged above 4+ (Fig. 1) . We know from direct observations that some fish, after the reservoir has been drained, remain in the old river bed and free immigration of fish to the reservoir with the flow of the Cybina River is hindered. Thus roach with the total length over 15 cm, bream over 37 cm and perch of more than 25 cm remained in the reservoir after it had been drained in 2004. Fish of these sizes are already sexually mature, what promotes rapid restoration of the biomass, after the reservoir is refilled.
DISCUSSION
The Malta Reservoir was drained eight times between 1966-2008 (Fig. 2) . In the years preceding the drainage in 1966 and 1970 the reservoir had been subjected to fishery management and the estimates of biomass did not include juveniles and weight of fish of minor importance, such as white bream (Blicca bjoerkna), threespined stickleback (Gasterosteus aculeatus), ruffe, chub (Leuciscus cephalus), bleak (Alburnus alburnus), dace (Leuciscus leuciscus) and ide (Leuciscus idus), which could have affected the lower biomass density estimates (MASTYŃSKI, 1971; MASTYŃSKI and ANDRZEJEWSKI, 1996) . In 1980 all collected species were recorded and the estimated biomass density was 438.1 kg ha -1 (MASTYŃSKI, 1984) . Starting from that year the reservoir was reclaimed and the accumulated sediments were removed. The reservoir was flooded again in 1990, at the same time excluding it from recreational fisheries. During the drainage in 1992 biomass density was estimated at 398.5 kg·ha -1 , with bream (37%), roach (28%) and small perch (16.5%) dominating in catch (MASTYŃSKI and KLIMASZYK, 1994) . In order to maintain the population of fish feeding on zooplankton (juveniles and small cyprinids, also small perch) on a low level, the Malta Reservoir was subjected to biomanipulation in 1993-1996. The reservoir was stocked with stocking material of varying assortment of pike, pikeperch, wels and eel (Anguilla anguilla) (GOŁDYN, 1996) . Biomanipulation efforts were only partially successful, resulting in a periodical decrease in the trophic status of the reservoir, but they did not reduce the fish biomass, which density was 385.2 kg·ha -1 in 1996 (GOŁDYN and MASTYŃSKI, 1998). One of the causes could have been too small amount of stocking material of (Fig. 2) . In 2004 biomass density was 184.3 kg·ha -1 , however primarily species of economic value were recorded and the proportion of predatory fish was nearly 67%. In turn, in 2008, at the biomass density of 536.7 kg·ha -1 the share of predatory fish was only 20%. This last value comes close to a sufficiently high proportion of piscivores in the total fish assemblage of 25:75% predatory:non-predatory fish biomass ratio as suggested as an optimum structure for effective top-down control by MASTYŃSKI and WAJDOWICZ (1994), but still far away from 30:70% ratio of STARMACH (1988) or 30-40:70-60% ratio of BENNDORF (1990). A high proportion of perch in the catch weight using multi-mesh gillnets, higher than in catches with the beach seine, which yield a more reliable picture of the fish fauna structure, only partly may result from the trend observed by PRCHALOVA et al. In the biomass of cyprinids in the Malta Reservoir bream predominated up to the fourth drainage (in 1992). Its proportion in the fish biomass ranged from 37 to 82%. Since 1996 bream share in fish assemblage biomass declined from 14.2% to 6.4% in 2008. The growth of roach biomass share, from 28% in 1992 to 70.7% in 2008 was observed instead. Bream biomass density was 85.5 kg·ha -1 in 2000, which amounted to 13.8% of fish biomass, while in the last drainage bream accounted for only 6.4% of all fish caught (34.2 kg·ha -1 ) (Fig. 3) . Without additional biological data attempts to explain changes in the bream:roach biomass ratio could be just a mere speculation. Two basic factors could participate in this phenomenon. External one, the way the catch is carried on and handled subsequently. Internal one, connected with habitat and food availability for bream. GOŁDYN and MASTYŃSKI; showed that biomanipulation in a lowland, eutrophic reservoir does not always bring expected results, since it is very difficult to limit the extremely strong and effective, natural succession of plankton-feeding fish by promotion of predatory fish, i.e. pike and pikeperch.
However, there are examples from other reservoirs, that biomanipulation can be successful, at least with respect to fish and zooplankton. In a 533 ha, hypertrofic Bautzen Reservoir, Germany, the fish assemblage was dominated by zooplanktonovorous and benthivorous fish, with total biomass 200 kg·ha -1 at the end of '70s. In a long-term biomanipulation experiment stocking with predatory fish (pikeperch, pike, wels and eel) combined with catch restrictions led to the increase of the proportion of piscivores in the total fish biomass from 14 to over 50% and total biomass decrease to about 100 kg·ha -1 (BENNDORF, 1990; 1995) . Thanks to stocking and predators enhancement the predator biomass have reached at least 25% of the total biomass in the deep, stratifying Wupper Reservoir, including a strong piscivorous perch population (SCHARF, 2008) .
In the Malta Reservoir 8 to 13 fish species were recorded in commercial catches between 1966-1996. Grass carp (Ctenopharyngodon idella) and silver carp (Hypophthalmichthys molitrix) occurred in 1992 catches, as the result of stocking with these species. In 2000-2008 the number of species reported in commercial catches from the reservoir ranged from 10 to 11. In 2004 the Malta Reservoir was experimentally stocked with juveniles of the Atlantic sturgeon (Acipenser oxyrhynchus) in order to determine potential adaptation of this species in a reservoir. Apart Atlantic sturgeon two species caught in 2008, sunbleak (Leucaspius delineatus) with Nordic multi-mesh gillnets and gudgeon in electric catches, had never been caught with commercial gears in the Malta Reservoir before.
Fish biomass density recorded as the result of catches in 2008 (536.7 kg·ha -1 ) was very close to that estimated hydroacoustically (550 kg·ha -1 ) in the course of analyses using a split beam echo sounder with a horizontally directed beam, conducted simultaneously with fish catches (GODLEWSKA et al., 2009) .
The fish biomass size in the reservoir is affected by its area, depth, thermal conditions, retention time, the character of the catchment and conducted fishery management, to mention just a few. Forming fish assemblages occupy a new environment, different from the natural habitat, undergo accelerated succession, combined with considerable fluctuations in biomass. ŘÍHA et al. (2009) described changes in the fish biomass density in the Římov Reservoir with an area of 210 ha, located in the sub-mountain region. In the first years of its operation biomass density for three species, i.e. roach, bream and perch, was as high as 600-700 kg·ha -1 , of which perch accounted for 70%. In the successive years biomass density decreased to 409 kg·ha -1 , at the continued dominance of perch. After the collapse of perch population, biomass density stabilized at 130 kg·ha -1 , while dominant species in the reservoir were bream and roach.
Biomass densities in the Gołuchów Reservoir of 35 ha, drained in 1979, 1987 and 1998, were as high as 507.6, 1066.2 and 1031.5 kg·ha -1 (ANDRZEJEWSKI and MASTYŃSKI, 2000; MASTYŃSKI, 1984; MASTYŃSKI and WAJDOWICZ, 1994). Estimated biomass densities did not take into consideration angling exploitation and small fish species such as bleak, gudgeon, weatherfish (Misgurnus fossilis), threespined stickleback and ruffe, which flowed out of the reservoir during its drainage. In turn, the last value of biomass density was obviously affected by the fact that reservoir stocking amounted to 608.1 kg·ha -1 in 1989-1997. Biomass density in drained reservoirs Stańków (45.5 ha) and Krynice (39.7 ha), in which 90% of catch weight consisted of Prussian carp (Carassius gibelio), was 524.3 and 403.9 kg·ha -1 , respectively. In turn, in the larger Mosty Reservoir (395 ha) biomass density was only 112 kg·ha -1 , but in the catch predominated roach (24.2%), pike (23.0%) and tench Tinca tinca (20.8%), with the considerable share of perch (16.1%) and bream (10.7%) (MASTYŃSKI, 1985) .
Estimates of biomass density in reservoirs of similar size, but conducted using different, indirect methods, yielded comparable results. PIVNIČKA and ŠVATORÁ (1988) estimated fish biomass in the Klíčava Reservoir (55 ha) by the tagging method. Mean biomass density of 12 species was 314 kg·ha -1 , including 170 kg·ha -1 for roach and 30 kg·ha -1 for perch in 1964-1986. KUBEČKA and BOHM (1991) estimated fish biomass density in the Jordan Reservoir (with an area of 50 ha), using catches with a beach seine from a known area, at 607.5 kg·ha -1 . High biomass densities are not solely characteristic for small lowland reservoirs. Also in large reservoirs, such as the Zegrzyński, Siemianówka or Wło-cławek, which fishery utilized area ranges from 2500 to 6000 ha, biomass density reaches considerable levels, comparable with those of small reservoirs. In 1986, as the result of the Włocławek Reservoir poisoning, in a water body of 2200 ha a total of 456 ton dead fish were collected, i.e. 207 kg·ha -1 (WIŚNIEWOLSKI, 2000). Probably some fish managed to swim away to other parts of the reservoir or to the Vistula River, thus the above value is only a minimal estimate of biomass density. Analyzing the gillnets catch per unit effort in relation to fish biomass density in lakes, WIŚNIEWOLSKI (2002) estimated that biomass density in the Włocławek Reservoir is 450 kg·ha -1 , in the Siemianówka Reservoir 600 kg·ha -1 , and in the Zegrzyński Reservoir as much as 1380 kg·ha -1 . SZLAKOWSKI and WIŚNIEWOLSKI (2001) estimated biomass density of the exploited white bream stock in the Zegrzyński Reservoir to range from 43 to 80 kg·ha -1 , depending on the intensity of exploitation. In fish biomass of the Zegrzyński Reservoir bream, roach and probably also other species have an important share, thus biomass density may reach several hundred kilograms per ha -1 . In sub-mountain reservoirs, similarly as in lowland reservoirs, despite differences in depths, thermal conditions, water regime and habitat conditions the fish assemblage soon is dominated by bream and roach, significantly increasing its biomass.
In the course of the Tresna Reservoir drainage in 1976 (1030 ha, on the Soła River) 24 ton of fish were caught and biomass density based on results of tagging was estimated at 120 kg·ha -1 , including bream at 82.7 kg·ha -1 and nase (Chondrostoma nasus) at 21.4 kg·ha -1 (EPLER and BIENIARZ, 1977) . This result, for methodological reasons depending on the catch size, could have been higher, since only 1/3 of originally planned yield was obtained (MASTYŃSKI and WAJDOWICZ, 1994) . ŁYSAK and LIGASZEWSKI (1998), basing on the differences in gillnets catch per unit effort assessed the fish biomass density in the Tresna Reservoir at 180 kg·ha -1 before its complete drainage and at 90 kg·ha -1 after refilling in 1988-95. JELONEK and AMIROWICZ (1987a), using Zippin removal method to successive catches obtained with a beach seine, estimated the mean fish biomass density in the sub-mountain Rożnów Reservoir (1500 ha utilized area) at 162.8 kg·ha -1 . Bream, roach, pikeperch and perch constituted 71.3% of biomass. In turn, in the Goczałkowice Reservoir (2400 ha utilized area) they estimated the mean biomass density, using different fishing gears, at 181.4 kg·ha -1 . The share of four species, i.e. bream, roach, pikeperch and perch, was 84.9% (JELONEK and AMIROWICZ, 1987b) .
A drawback of the discussed estimates is the fact that in view of the low intensity of commercial exploitation or experimental catches, obtained catches per unit effort may not be the true indices of absolute biomass size, thus biomass density estimated on their basis is burdened with a very high error, underestimating rather than overestimating the actual values.
The mean commercial catch rate in the Goczałkowice Reservoir was 17. One has to keep in mind that recreational fisheries results are strongly influenced by a number of factors like reservoir biological productivity, fisheries management, reservoir availability for anglers and the last but not least, data reliability and proper methodology used to collect and process the data.
The high fish biomass density in reservoirs indicate not only on the potential biological productivity of reservoirs, bur also results in disadvantageous phenomena, such as a reduced growth rate of fish, development of parasitic diseases, and also contributes to eutrophication and deterioration of water quality. The objective of fishery management should be to modify fish assemblages, using net catches, angling, stocking and biomanipulation measures, to limit these undesirable effects. 
